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Figure S1: Continous wave direct detection TR-EPR triplet exciton spectra of fluorobenzothiadiazole donors blended with PC61BM in frozen chlorobenzene solution at T = 50 K. Spectra were captured 500 ns after the laser flash. Positive peaks correspond to absorption (A) and negative to emission (E). The experimental spectra (black) are shown alongside theoretical simulations of the ISC triplet exciton residing on the donor (green), BET triplet exciton residing on the donor (orange), ISC triplet exciton residing on PC61BM (blue) and the superposition of these (red). Figure S5 . Orientation of the g-tensor axes on the monomer units. The gy tensor axis is perpendicular to the other two (out of the plane of the figure) . The orientation is the same for all monomers. Figure S6 . Orientation of the g-tensor axes in the DTS(F2BTTh2) dimer. The gy tensor axis is perpendicular to the other two (out of the plane of the figure; white to cyan). As in the monomer, gz (white to blue) is still directed along the backbone, gx (white to magenta) perpendicular in the plane, and gy lies along the axis that connects the two units. Figure S7 . Orientation of the g-tensor axes for the DTS(F2BTTh2) trimer. As in the monomer, the trimer gz axis is directed along the backbone, gx (white to magenta) perpendicular in the plane, and gy lies along the axis connecting the two units (white to cyan). Figure S8 . ENDOR spectra of DTS(F2BTTh2)2. The experimental spectrum is shown in black and was measured from a frozen solution of DTS(F2BTTh2)2:PC61BM at 50 K using the Mims pulse sequence. 1 H simulations (using the hyperfine parameters obtained from the DFT S14 calculations) of the monomer, dimer, and trimer are shown red, blue and green respectively.
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The Mims pulse sequence has periodic blind spots including one in the center, which results in a suppression of the weak hyperfine couplings. [1] [2] The simulated spectra were therefore treated with a function to mimic the experimental suppression effects. 2 In addition the simulations were broadened using a Gaussian distribution to imitate the distribution in in hyperfine values showing spin density isosurface at 0.001 e/a0 3 .
